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©  A  bed  plate  (13)  for  a  fluidized  bed  apparatus  is 
made  from  a  plate  (23)  from  sheet  metal  and  com- 
prises  openings  (22)  for  fluidizing  air  or  gas  of  the 
so-called  "gill  type".  In  order  to  reduce  or  prevent 
fall-through  of  product,  at  least  one  of  the  edge 
portions  (24,34)  defining  the  opening  (22)  has  been 
deformed  so  as  to  increase  the  extension  thereof 

along  the  plane  of  the  bed  plate,  and  so  as  to 
thereby  reduce  or  eliminate  the  orthographic  projec- 
tion  on  said  plane  of  the  opening  (22).  Such  de- 
formation  may  comprise  compression  and/or  stretch- 
ing.  The  edge  portion  or  portions  (24,34)  are  prefer- 
ably  deformed  to  such  an  extent  that  a  partial  over- 
lap  is  obtained. 
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The  present  invention  relates  to  a  bed  plate  for 
a  fluidized  bed  apparatus,  a  fluidized  bed  appara- 
tus  comprising  such  bed  plate,  and  to  a  method  for 
making  the  bed  plate. 

Fluidized  bed  apparatuses  are  used  for  exam- 
ple  as  dryers  and/or  agglomerators,  and  for  other- 
wise  treating  a  powdered  or  particulate  product 
with  gas  or  air,  for  example  for  cooling  the  product, 
or  as  fluid  bed  combustors  for  combustion  of  pow- 
dered  or  particulate  fuel,  etc.  Such  fluid  bed  ap- 
paratuses  may  comprise  a  bed  plate  which  is 
made  from  sheet  metal  having  a  plurality  of  air  or 
gas  distributing  openings  or  perforations  punched 
therein.  The  openings  or  perforations  may  be  plain, 
circular  openings.  The  diameter  of  such  openings 
are  usually  chosen  as  small  as  possible  in  order  to 
reduce  the  amount  of  powdered  or  particulate 
product  which  may  fall  through  the  openings  of  the 
bed  plate  into  an  underlying  air  or  gas  plenum 
chamber,  for  example,  when  the  operation  of  the 
fluid  bed  is  interrupted  or  stopped. 

Bed  plates  having  openings  or  perforations  of 
the  so-called  "gill  type"  are  also  known,  for  exam- 
ple  from  U.S.  Patents  Nos.  3,821,342  and 
4,033,555.  This  type  of  openings  or  perforations 
define  fluidizing  flows  of  air  or  gas  having  a  flow 
component  which  is  directed  along  the  upper  sur- 
face  of  the  bed  plate,  for  example  towards  a  prod- 
uct  outlet  of  the  fluid  bed.  Such  flow  component 
directed  towards  the  product  outlet  renders  it  pos- 
sible  to  obtain  a  self-clearing  or  self-emptying  ef- 
fect  when  the  operation  of  the  apparatus  is  stop- 
ped,  and  the  fall-through  of  products  may  thereby 
be  further  reduced. 

An  opening  or  perforation  of  the  "gill-type" 
may  be  made  by  cutting  a  slit  or  slot  in  the  sheet 
metal  so  as  to  form  opposite  edges,  and  by  press- 
ing  one  of  the  opposite  edge  portions  out  from  the 
plane  defined  by  the  sheet  metal.  Such  depression 
of  one  edge  portion  causes  it  to  be  moved  away 
from  the  other  whereby  the  slit  or  slot  is  opened 
also  when  viewed  in  a  direction  at  right  angles  to 
the  plane  of  the  sheet  metal.  This  means  that  the 
product  in  a  fluid  bed  formed  on  a  bed  plate  having 
openings  of  the  conventional  gill  type  may  to  some 
extent  fall  through  the  openings  of  the  bed  plate, 
when  the  supply  of  fluidizing  air  or  gas  is  stopped 
or  interrupted.  In  cases  where  even  such  reduced 
fall-through  of  product  is  unacceptable  it  is  neces- 
sary  to  use  a  bed  plate  with  nozzles  of  the  type 
disclosed  in  the  published  UK  patent  application 
GB  2  015  377.  This  known,  rather  complicated  and 
expensive  bed  plate  cannot  be  made  by  punching 
sheet  metal.  Furthermore,  this  known  bed  plate  can 
only  be  made  with  a  relatively  small  number  of 
openings  per  unit  of  area  because  of  relatively 
large  minimum  dimensions  of  each  opening. 

The  present  invention  provides  a  bed  plate 

which  may  be  made  from  sheet  metal  by  simple 
cutting  and  deforming  operations,  and  which  may 
be  made  so  that  fall-through  of  the  product  to  be 
fluidized  is  substantially  reduced  or  prevented. 

5  The  present  invention  provides  a  bed  plate  for 
a  fluidized  bed  apparatus,  said  bed  plate,  which  is 
made  from  sheet  metal,  defining  a  first  general 
side  surface  and  having  a  plurality  of  gas  distribut- 
ing  openings  formed  therein,  each  of  said  openings 

io  being  defined  between  first  and  second  opposite 
edge  portions,  of  which  at  least  the  first  edge 
portion  has  been  pressed  out  from  said  general 
side  surface,  and  the  bed  plate  according  to  the 
invention  is  characterized  in  that  at  least  one  of 

75  said  first  and  second  edge  portions  has  been  de- 
formed  so  as  to  increase  the  extension  thereof 
along  said  first  general  side  surface  and  so  as  to 
thereby  reduce  or  eliminate  the  orthographic  pro- 
jection  on  said  first  general  side  surface  of  the 

20  opening  defined  between  said  first  and  second 
edge  portions. 

The  first  and/or  second  edge  portion  may  be 
deformed  in  any  manner  causing  a  reduction  of  the 
transverse  spacing  of  the  first  and  second  edge 

25  portions  as  viewed  in  a  direction  at  right  angles  to 
the  first  side  surface. 

Basically,  the  bed  plate  according  to  the  inven- 
tion  may  be  made  in  a  similar  manner  as  a  bed 
plate  having  openings  of  the  conventional  "gill 

30  type".  Thus,  the  first  and  second  edge  portions 
may  be  located  on  opposite  sides  of  a  cut  made  in 
the  sheet  metal. 

In  principle,  the  first  side  surface  defined  by 
the  bed  plate  may  have  a  curved  shape.  In  the 

35  preferred  embodiment,  however,  this  first  side  sur- 
face  is  substantially  plane.  As  mentioned  above, 
one  or  both  of  the  opposite  edge  portions  may  be 
deformed  in  any  manner  so  as  to  increase  the 
extension  thereof  to  a  smaller  or  higher  extent.  The 

40  edge  portion  or  portions  may  even  be  deformed  to 
such  a  degree  that  the  first  and  second  edge 
portions  at  least  partly  overlap  in  an  orthographic 
projection  on  said  first  side  surface,  whereby  fall- 
through  of  the  product  to  be  fluidized  is  prevented 

45  to  a  high  degree. 
Normally,  the  necessary  deformation  of  the 

edge  portion  or  edge  portions  in  order  to  cause 
said  increase  of  extension  involves  a  reduction  of 
the  thickness  of  a  least  part  of  said  at  least  one  of 

50  the  first  and  second  edge  portions.  Such  thickness 
reduction  may,  for  example,  be  obtained  by  com- 
pressing  at  least  part  of  the  edge  portion  in  ques- 
tion.  In  the  preferred  embodiment  at  least  part  of 
the  second  edge  portion  has  been  compressed  so 

55  as  to  reduce  its  thickness. 
Alternatively  or  additionally  one  or  both  of  the 

edge  portions  may  be  stretched,  and  preferably  at 
least  part  of  the  first  edge  portion  has  been 
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stretched.  In  the  conventional  openings  of  the  "gill 
type"  the  edge  portion  which  has  been  pressed 
out,  has  a  rounded  or  curved  cross-sectional 
shape.  It  has  been  found,  however,  that  the  fall- 
through  of  product  may  be  reduced  when  the 
pressed  out  edge  portion  is  mainly  defined  by 
substantially  flat  wall  sections  defining  an  angle 
therebetween.  Thus,  the  first  edge  portion  may 
comprise  an  outer  part  defining  a  free  edge  and  an 
inner  connecting  part  separated  from  the  outer  part 
by  a  relatively  sharp  bend,  and  a  cross-section  of 
the  inner  and  outer  parts  taken  substantially  at  right 
angles  to  said  free  edge  may  define  first  and 
second  acute  angles,  respectively,  with  said  gen- 
eral  side  surface,  the  second  acute  angle  being 
substantially  smaller  than  the  first  angle.  When  the 
bed  plate  is  positioned  so  that  the  pressed  out  first 
edge  portions  are  facing  downwardly,  product  fall- 
ing  through  the  openings  of  the  bed  plate  may  be 
caught  and  supported  by  the  outer  parts  of  the  first 
edge  portions.  This  is  especially  the  case,  when 
the  outer  part  of  each  of  the  first  edge  portions 
extends  substantially  parallel  with  the  first  general 
plane,  or  when  the  said  outer  part  is  slightly  in- 
clined  upwardly  towards  the  free  edge  thereof. 

The  thickness  of  the  inner  part  of  the  first  edge 
portion  may  have  been  reduced  by  stretching.  As 
an  example,  the  openings  of  the  bed  plate  may  be 
formed  by  punching,  and  while  the  first  edge  por- 
tion  is  pressed  out  from  the  plane  of  the  sheet 
metal  by  means  of  a  punching  tool,  the  outer  part 
may  be  fixed  in  relation  to  the  punching  and  press- 
ing  tool,  whereby  the  inner  part  of  the  edge  portion 
is  stretched  so  as  to  increase  the  extension  of  the 
edge  portion  along  the  first  general  plane  of  the 
bed  plate.  Such  fixing  of  the  first  edge  portion  in 
relation  to  the  punching  tool  may,  for  example,  at 
least  to  some  extent  be  caused  by  the  sharp  bend 
separating  the  inner  and  outer  parts  of  the  first 
edge  portion. 

A  desired  predetermined  area  of  a  bed  plate 
opening  may  be  obtained  either  by  making  a  rela- 
tively  short  cut  in  the  sheet  metal  and  by  depress- 
ing  the  first  edge  portion  relatively  deeply,  or  by 
making  a  relatively  long  cut,  and  by  depressing  the 
first  edge  portion  less  deeply.  In  the  latter  case  the 
risk  of  fall-through  of  product  is  substantially  mini- 
mized.  Therefore,  in  the  bed  plate  according  to  the 
invention  each  opening  is  preferably  elongated  and 
defined  between  a  pair  of  coextending  or  substan- 
tially  parallel  edges  which  may  then  have  a  rela- 
tively  small  spacing. 

Preferably,  only  the  first  edge  portion  is 
pressed  out  from  the  general  side  surface,  but  it  is 
also  possible  to  press  both  of  the  edge  portions  out 
from  the  plane  of  the  sheet  metal,  for  example  in 
order  to  define  a  tortuous  gas  flow  path  there- 
between.  The  openings  of  the  bed  plate  may  also 

be  arranged  in  pairs  of  substantially  oppositely 
directed  openings,  and  a  depressed  portion  of  the 
plate  may  then  extend  between  the  openings  of 
each  pair,  for  example  as  disclosed  in  US  Patent 

5  No.  4,885,848. 
According  to  a  second  aspect,  the  present  in- 

vention  provides  a  fluidized  bed  apparatus,  for  ex- 
ample  a  fluidized  bed  dryer  or  agglomerator,  com- 
prising  a  bed  plate  according  to  the  invention  as 

io  described  above  and  further  comprising  means  for 
passing  gas  upwardly  through  the  openings  of  the 
bed  plate  for  fluidizing  a  powdered  or  particulate 
product  thereon,  means  for  supplying  powdered  or 
particulate  product  to  the  bed  plate,  and  means  for 

is  removing  fluidized  product  therefrom. 
According  to  a  third  aspect,  the  present  inven- 

tion  provides  a  method  for  making  a  bed  plate  from 
sheet  metal,  said  method  comprising  forming  a 
plurality  of  mutually  spaced  cuts  or  slits  in  the 

20  sheet  metal,  each  slit  being  defined  between  op- 
posite  first  and  second  edge  portions,  and  pressing 
at  least  the  first  edge  portion  out  from  a  plane 
defined  by  the  sheet  metal  so  as  to  form  an 
opening,  and  the  method  according  to  the  invention 

25  is  characterized  in  deforming  at  least  one  of  said 
first  and  second  edge  portions  so  as  to  increase 
the  extension  thereof  along  the  plane  of  the  sheet 
metal. 

According  to  the  present  invention  each  open- 
30  ing  in  the  bed  plate  may  be  formed  by  means  of  a 

punching  tool  having  a  cutting  edge  and  being 
moved  substantially  at  right  angles  to  the  plane 
defined  by  the  sheet  metal  so  as  to  cut  said  slit 
therein,  the  punching  tool  being  moved  further  in 

35  relation  to  the  sheet  metal  so  as  to  press  the  first 
edge  portion  out  of  the  plane  defined  by  the  sheet 
metal.  An  outer  part  of  the  first  edge  portion  adja- 
cent  to  its  free  edge  may  then  substantially  be 
prevented  from  moving  in  relation  to  the  punching 

40  tool,  whereby  an  inner  connecting  part  of  the  first 
edge  portion  is  stretched.  The  outer  part  may,  for 
example,  be  clamped  to  the  punching  tool  in  any 
suitable  matter.  Alternatively  or  additionally,  the 
punching  tool  may  comprise  a  sharp  tool  edge 

45  coextending  with  or  extending  substantially  parallel 
with  said  free  edge.  The  sharp  tool  edge  then 
forms  a  sharp  bend  on  the  first  edge  portion  and 
tends  to  prevent  the  outer  part  from  moving  in 
relation  to  the  punching  tool. 

50  As  mentioned  above,  the  outer  part  of  the  first 
edge  portion  preferably  extends  substantially  par- 
allel  with  the  plane  of  the  bed  plate.  Alternatively, 
the  free  edge  of  the  outer  part  of  the  edge  portion 
may  be  directed  towards  the  plane  of  the  bed 

55  plate.  In  order  to  obtain  any  of  such  directions  of 
the  outer  part  of  the  first  edge  portion,  the  punch- 
ing  tool  may  comprise  first  and  second  substan- 
tially  plane  surface  parts,  which  are  separated  by 
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said  sharp  tool  edge  and  intended  to  form  the  inner 
and  outer  parts,  respectively,  of  the  first  edge  por- 
tion.  The  first  plane  surface  may  then  define  a  first 
acute  angle  with  the  plane  of  the  sheet  metal  and 
the  first  and  second  plane  surfaces  may  mutually 
define  an  angle  which  is  smaller  than  the  angle 
supplemental  of  the  first  acute  angle. 

The  invention  will  now  be  further  described 
with  reference  to  the  drawings  wherein 

Fig.  1  is  a  diagrammatic  side  view  and  partially 
sectional  view  of  a  fluidized  bed  drying  appara- 
tus  comprising  a  bed  plate  with  openings  of  the 
"gill  type", 
Fig.  2  illustrates  punching  of  a  conventional  "gill 
type"  opening  in  sheet  metal  by  means  of  a 
punching  tool, 
Fig.  3  is  a  sectional  view  in  a  conventional  "gill 
type"  opening  punched  as  illustrated  in  Fig.  2, 
Fig.  4  is  a  side  view  and  partially  sectional  view 
illustrating  a  bed  plate  with  openings  of  the 
conventional  "gill  type"  being  modified  in  accor- 
dance  with  the  present  invention  by  means  of  a 
compression  tool, 
Fig.  5  is  a  sectional  view  corresponding  to  that 
shown  in  Fig.  3  after  having  been  modified  as 
illustrated  in  Fig.  4, 
Fig.  6  is  a  sectional  view  as  that  shown  in  Fig.  5, 
the  bed  plate  having  been  turned  around,  so 
that  the  pressed  out,  gill-like  edge  portion  of 
each  opening  of  the  bed  plate  is  directed  down- 
wardly, 
Fig.  7  illustrates  punching  of  an  opening  in  sheet 
metal  in  accordance  with  the  present  invention 
by  means  of  a  punching  tool  in  a  manner  so  as 
to  stretch  the  gill-like  edge  portion  being 
pressed  out  from  the  plane  of  the  sheet  metal, 
Fig.  8  is  a  sectional  view  of  an  opening  of  a 
further  embodiment  of  the  bed  plate  according 
to  the  invention, 
Figs.  9A  and  9B  are  sectional  views  showing  a 
highly  arched  gill-type  opening  and  taken  along 
a  line  substantially  parallel  with  and  substantially 
at  right  angles  to  the  slit  of  the  opening,  respec- 
tively,  and 
Figs.  10A  and  10B  are  sectional  views  of  a 
flattened  gill-type  opening  and  taken  along  lines 
substantially  parallel  with  and  substantially  at 
right  angles  to  the  slit  of  the  opening,  respec- 
tively. 

Fig.  1  shows  a  fluidized  bed  dryer  which  may, 
for  example,  be  used  for  drying  a  partially  dried 
and  still  moist  powdered  or  particulate  product.  The 
fluidized  bed  dryer  shown  in  Fig.  1  comprises  an 
elongated  housing  10  having  an  inner  space  di- 
vided  into  upper  and  lower  chambers  11  and  12, 
respectively,  by  means  of  a  perforated  bed  plate 
13,  which  is  fastened  to  the  inner  walls  of  the 
housing  10.  Heated  drying  gas  or  air  is  supplied  to 

the  lower  chamber  or  plenum  chamber  12  of  the 
housing  10  through  gas  inlets  14,  and  drying  gas  is 
exhausted  from  the  upper  chamber  1  1  of  the  hous- 
ing  through  a  gas  exhaust  conduit  15,  which  may, 

5  for  example,  be  connected  to  a  cyclone,  not 
shown,  from  which  the  drying  gas  may  be  ex- 
hausted  into  the  atmosphere.  At  one  end  the  hous- 
ing  10  comprises  a  product  inlet  funnel  16,  which 
opens  into  the  upper  chamber  11  defined  above 

io  the  perforated  bed  plate  13.  At  the  other  end  the 
housing  10  has  a  product  outlet  17,  which  also 
communicates  with  the  upper  chamber  1  1  . 

A  moist  powdered  or  particulate  product  P, 
which  may,  for  example,  be  supplied  from  a  con- 

15  ventional  spray  drying  system  and  which  has  to  be 
further  dried,  may  be  fed  continuously  to  the  prod- 
uct  inlet  16  of  the  housing  10  as  indicated  by  an 
arrow  18.  Heated  drying  gas  or  drying  air  is  sup- 
plied  to  the  lower  chamber  12  of  the  housing,  and 

20  the  heated  gas  flows  upwardly  through  the  perfora- 
tions  of  the  bed  plate  13  and  into  the  upper  cham- 
ber  11  so  as  to  form  a  plurality  of  gas  flows 
fluidizing  the  product  P  on  the  bed  plate  13.  The 
thickness  or  the  height  of  the  fluidized  product 

25  layer  is  determined  by  the  height  of  a  movable 
damper  or  valve  member  19  forming  an  overflow  at 
the  outlet  end  of  the  chamber  1  1  .  When  a  state  of 
equilibrium  has  been  obtained  an  amount  of  dried 
product  corresponding  to  the  amount  of  moist 

30  product  supplied  through  the  inlet  funnel  16  will 
flow  out  through  the  product  outlet  17  as  indicated 
by  an  arrow  20  in  Fig.  1.  Thus,  when  the  fluidized 
bed  dryer  is  operating  the  fluidized  product  layer 
supported  by  the  bed  plate  13  is  moved  continu- 

35  ously  from  the  inlet  funnel  16  to  the  product  outlet 
17  as  indicated  by  an  arrow  21.  When  the  opera- 
tion  of  the  fluidized  bed  dryer  has  to  be  closed 
down,  the  supply  of  moist  product  to  the  inlet 
funnel  16  is  stopped,  and  thereafter  the  damper  or 

40  overflow  plate  19  is  moved  to  such  a  position  that 
almost  all  of  the  product  may  flow  from  the  bed 
plate  13  into  the  product  outlet  17. 

In  order  to  ensure  that  no  substantial  residue  of 
the  product  P  remains  on  the  bed  plate  13  when 

45  the  damper  19  has  been  opened,  at  least  some  of 
the  perforations  or  gas  distributing  openings  in  the 
bed  plate  are  formed  so  as  to  define  upwardly 
directed  fluidizing  gas  flows  having  a  resulting  hori- 
zontal  flow  component  directed  towards  the  prod- 

50  uct  outlet  17. 
Bed  plates  having  perforations  or  openings  22 

of  the  so-called  gill-type  are  well-known  in  the  art. 
Such  a  gill-type  opening  may  be  made  in  a  plate 
23  of  sheet  metal  by  cutting  an  incision  or  slit 

55  through  the  plate  and  by  subsequently  pressing 
one  of  the  edge  portions  defining  the  slit  out  from 
the  plane  of  the  plate  23  so  as  to  form  a  gill  portion 
24.  As  shown  in  Fig.  2  the  cutting  of  the  incision  or 

4 
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slit  and  the  subsequent  pressing  out  of  an  adjacent 
edge  portion  may  be  made  by  means  of  a  punch- 
ing  tool  comprising  male  and  female  tool  parts  25 
and  26,  respectively.  The  male  tool  part  25  com- 
prises  a  tooth-like  projection  27  having  a  cutting 
edge  28  cooperating  with  an  inner  surface  part  29 
of  the  female  tool  part  26  so  as  to  cut  a  slit  in  the 
sheet  metal  plate  23,  when  the  tooth-like  projection 
27  of  the  male  tool  part  25  is  moved  transversely 
through  the  plate  23  and  into  a  hollow  space  30 
defined  in  the  female  tool  part  26,  which  is  placed 
in  abutting  engagement  with  the  sheet  metal  plate 
23  opposite  to  the  male  tool  part  25.  The  tooth-like 
projection  27  further  defines  a  curved  surface  part 
31  ,  which  may,  for  example,  form  part  of  a  spheri- 
cal  surface.  During  the  punching  movement  of  the 
male  tool  part  25  one  of  the  edge  portions  defining 
the  slit  formed  in  the  plate  23  will  be  pressed  out 
from  the  plane  of  the  plate  23  by  the  curved 
surface  part  31  so  as  to  form  the  gill  portion  24. 

When  the  gill  portion  24  is  pressed  out  from 
the  plane  of  the  sheet  metal  plate  23  by  the  tooth- 
like  projection  27  the  free  edge  32  of  the  gill 
portion  24  is  removed  from  the  free  edge  33  of  an 
opposite  or  second  edge  portion  34  defining  the 
opening  22.  As  illustrated  in  Fig.  3,  the  ortho- 
graphic  projection  of  the  free  edge  32  of  the  gill 
portion  24  on  the  plane  of  the  bed  plate  13  is 
spaced  from  the  edge  33  of  the  opposite  edge 
portion  24  by  a  distance  designated  A.  Because  of 
this  spacing  of  the  adjacent  free  edges  32  and  33 
defining  a  conventional  opening  22  of  the  gill  type, 
the  powdered  or  particulate  product  P  in  a  fluid 
bed  formed  on  a  bed  plate  13  having  such  conven- 
tional  gill  type  openings  22  may  fall  through  the 
openings  into  the  lower  chamber  or  plenum  cham- 
ber  12  of  the  fluidized  bed  apparatus,  in  which  the 
bed  plate  is  used.  Such  undesirable  fall-through  of 
product  is  especially  likely  to  take  place,  when  the 
supply  of  fluidizing  air  or  gas  through  the  openings 
22  is  stopped  or  interrupted  for  some  reason  or 
another. 

Fig.  4  shows  a  bed  plate  13  of  the  type  shown 
in  Fig.  3,  in  which  the  spacing  A  of  the  adjacent 
free  edges  32  and  33  of  the  edge  portions  24  and 
34,  respectively,  are  being  reduced  or  eliminated 
by  a  subsequent  deformation  of  the  second  edge 
portions  34.  Such  deformation  is  of  a  type  increas- 
ing  the  extension  of  the  edge  portions  34  in  the 
plane  of  the  bed  plate  13,  preferably  to  such  an 
extent  that  an  overlap  between  adjacent  edge  por- 
tions  24  and  34  in  the  plane  of  the  plate  13  is 
obtained.  Such  a  deformation  of  the  edge  portions 
34  may,  for  example,  be  obtained  by  compression 
of  the  edge  portions  transversely  to  the  plane  of 
the  bed  plate  and/or  by  stretching  the  edge  por- 
tions  34  along  the  plane  of  the  bed  plate  13.  As 
illustrated  in  Fig.  4,  each  of  the  edge  portions  34 

may  be  compressed  or  pinched  between  a  jaw  or 
projection  35  of  a  lower  supporting  tool  part  36  and 
a  jaw  or  projection  37  of  an  upper  tool  part  38 
which  is  moveable  transversely  or  at  right  angles  to 

5  the  plane  of  the  bed  plate  13.  Thus,  when  the 
upper  jaw  37  of  the  tool  part  38  is  pressed  down- 
wardly  towards  the  lower  jaw  35  of  the  lower  tool 
part  36,  the  thickness  of  the  plane  second  edge 
portion  34  is  reduced  substantially  so  as  to  in- 

io  crease  the  extension  of  the  edge  portion.  This 
means  that  the  free  edge  33'  of  the  compressed 
edge  portion  34'  will  extend  beyond  the  free  edge 
32  of  the  adjacent  gill  portion  24  so  as  to  provide 
an  overlap  between  the  edge  portions  24  and  34'. 

is  Fig.  5  shows  part  of  a  bed  plate  with  an  open- 
ing  22  where  the  edge  portion  34  has  been  modi- 
fied  by  the  method  illustrated  in  Fig.  4  so  as  to 
produce  an  extended  edge  portion  34'.  As  illus- 
trated  in  Fig.  5,  the  compression  operation  illus- 

20  trated  in  Fig.  4  causes  that  the  original  spacing  A 
between  the  adjacent  free  edges  32  and  33  is 
converted  into  an  overlap  so  that  an  acute  angle  a 
is  defined  between  a  line  39  parallel  with  the  plane 
of  the  bed  plate  13  and  a  line  40  touching  the  free 

25  edges  32  and  33'. 
When  the  bed  plate  13  is  arranged  so  that  the 

gill  portions  24  are  directed  upwardly  as  shown  in 
Fig.  5,  fall-through  of  product  is  definitely  pre- 
vented  provided  that  the  angle  of  slide  of  the 

30  product  is  equal  to  or  exceeds  the  angle  a.  As 
shown  in  the  drawings,  the  free  edge  33'  of  the 
compressed  edge  portions  34'  may  have  an  in- 
creased  thickness  so  as  to  form  upwardly  and 
downwardly  directed  rim  portions  41  also  count- 

35  eracting  product  fall-through. 
However,  when  the  bed  plate  13  shown  in  Fig. 

5  is  inverted  so  that  the  gill  portions  24  are  di- 
rected  downwardly,  product  particles  P  which  have 
passed  through  the  opening  22  cannot  be  safely 

40  retained  by  the  downwardly  sloping  gill  portion  24 
as  illustrated  by  the  parallelogram,  of  forces  in  Fig. 
6. 

Therefore,  instead  of  or  in  addition  to  the  de- 
formation  of  the  plane  edge  portions  34  illustrated 

45  in  Fig.  4,  the  gill  portion  24  may  be  deformed  so  as 
to  reduce  the  spacing  or  increase  the  overlap  of 
the  adjacent  free  edges  32  and  33  of  the  edge 
portions  24  and  34,  respectively.  Thus,  the  gill 
portion  24  may  be  compressed  and/or  stretched  so 

50  as  to  reduce  its  thickness  and  increase  its  exten- 
sion  along  the  plane  of  the  bed  plate  13.  In  order  to 
avoid  the  situation  illustrated  in  Fig.  6  it  may  also 
be  desirable  to  shape  the  gill  portion  24  so  as  to 
provide  a  substantially  horizontal  or  an  upwardly 

55  inclined  product  supporting  surface  thereon. 
This  may  be  obtained  by  using  a  punching  tool 

as  that  shown  in  Fig  7  for  punching  the  openings 
22  in  a  sheet  metal  plate  23.  The  punching  tool 

5 
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shown  in  Fig  7  is  similar  to  that  shown  in  Fig.  2, 
and  similar  parts  are  therefore  provided  with  the 
same  reference  numerals.  In  Fig.  7,  the  tooth-like 
projection  27  of  the  male  tool  part  25  is  shaped 
differently  from  that  shown  in  Fig.  2.  In  Fig.  7,  the 
tooth-like  projection  27  defines  a  relatively  sharp 
edge  42  which  extends  substantially  parallel  with 
the  cutting  edge  28  and  comes  into  engagement 
with  the  sheet  metal  plate  23  immediately  before 
the  cutting  edge  28  engages  with  the  plate  23.  This 
means  that  the  edge  42  bites  into  the  surface  of 
the  sheet  metal  and  causes  a  stretching  of  a  con- 
necting  part  43  of  the  gill  portion  24  defined  be- 
tween  the  sharp  edge  42  of  the  tooth-like  projection 
27  and  a  plate  backing  edge  44  of  the  female  tool 
part  26.  A  top  surface  part  45  of  the  tool-like 
projection  27  extending  between  the  cutting  edge 
28  and  the  edge  42  preferably  defines  an  acute 
angle  y  with  a  plane  parallel  to  the  plane  of  the 
sheet  metal  plate  23  so  as  to  cause  an  outer  end 
part  46  of  the  gill  portion  24  to  extend  substantially 
parallel  with  the  sheet  metal  plate  23  or  even  to  be 
directed  inwardly  towards  the  plane  of  the  plate  23. 

Fig.  8  illustrates  a  bed  plate  13  having  a  gill 
portion  24  which  has  been  deformed  by  means  of 
the  punching  tool  illustrated  in  Fig.  7  so  that  its 
outer  end  part  46  extends  substantially  parallel  with 
the  plane  of  the  bed  plate  13.  Furthermore,  the 
edge  portion  34  has  been  modified  by  the  method 
illustrated  in  Fig.  4.  From  Fig.  8  it  is  apparent  that 
by  stretching  of  the  gill  portion  24  by  means  of  the 
punching  tool  illustrated  in  Fig.  7  the  spacing  of  the 
free  edges  32  and  33'  of  the  stretched  gill  portion 
24  and  the  non-compressed,  plane  edge  portion 
34,  respectively,  has  been  reduced  to  a  value  "a" 
substantially  smaller  than  "A"  in  Fig.  3.  It  is  also 
apparent  that  compression  of  the  edge  portion  34 
by  the  method  illustrated  in  Fig.  4  causes  a  pro- 
longation  of  the  same  indicated  by  "B"  whereby  an 
overlap  "C"  is  obtained,  "C"  being  equal  to  "B" 
minus  "a".  The  combined  compression  of  the  edge 
portion  34  and  stretching  of  the  gill  portion  24 
causes  that  the  angle  a  is  substantially  reduced 
compared  with  the  angle  a  in  Fig.  5.  This  means 
that  a  product  having  an  angle  of  slide  equal  to  or 
exceeding  the  angle  a  shown  in  Fig.  8  cannot  fall 
through  the  openings  of  the  bed  plate  because  it 
will  be  supported  and  retained  by  the  substantially 
horizontal  outer  end  part  46  of  the  gill  portion  24. 

Fig.  9  and  10  illustrate  two  different  types  of 
gill  openings,  namely  an  opening,  which  is  rela- 
tively  narrow  and  high,  and  an  opening  which  is 
relatively  broad,  flat  and  low,  respectively.  It  is 
immediately  apparent  that  when  a  product  having 
an  angle  of  slide  a  is  fluidized  in  a  fluid  bed  the 
risk  of  product  fall-through  is  substantially  higher 
when  the  openings  22  of  the  bed  plate  are  of  the 
type  shown  in  Fig.  9  than  when  they  are  of  the 

type  shown  in  Fig.  10.  It  is  also  immediately  appar- 
ent  that  the  necessary  overlap  "g"  to  be  provided 
between  the  edge  portions  24  and  34  in  Fig.  10  in 
order  to  avoid  product  fall-through  is  much  less 

5  than  the  corresponding  necessary  overlap  "G"  in 
Fig.  9.  Therefore,  the  openings  22  of  the  bed  plate 
13  according  to  the  invention  shown  in  Figs  5,  6, 
and  8  are  preferably  of  the  flat,  broad,  and  low  type 
shown  in  Fig.  10. 

io  It  should  be  understood  that  various  modifica- 
tions  and  amendments  of  the  embodiments  shown 
in  the  drawings  and  described  above  could  be 
made  within  the  scope  of  the  present  invention. 
Thus,  the  reduction  of  the  spacing  or  the  overlap 

is  between  adjacent  end  portions  24  and  34  may  be 
provided  by  any  kind  of  deformation,  such  as 
stretching  and/or  compression  of  the  one  or  both  of 
the  adjacent  edge  portions.  Furthermore,  the  de- 
formation  of  the  edge  portion  or  portions  may  be 

20  made  by  the  punching  operation  and/or  by  one  or 
more  subsequent  operations.  It  should  also  be  un- 
derstood  that  the  bed  plate  according  to  the  inven- 
tion  may  comprise  openings  of  the  gill  type  modi- 
fied  in  accordance  with  the  present  invention  as 

25  well  as  other  types  of  openings  which  may  be 
conventional. 

Claims 

30  1.  A  bed  plate  for  a  fluidized  bed  apparatus,  said 
bed  plate  (13),  which  is  made  from  sheet  met- 
al,  defining  a  first  general  side  surface  and 
having  a  plurality  of  gas  distributing  openings 
(22)  formed  therein,  each  of  said  openings 

35  being  defined  between  first  and  second  op- 
posite  edge  portions  (24,34),  of  which  at  least 
the  first  edge  portion  (24)  has  been  pressed 
out  from  said  general  side  surface, 
characterized  in  that  at  least  one  of  said  first 

40  and  second  edge  portions  (24,34)  has  been 
deformed  so  as  to  increase  the  extension 
thereof  along  said  first  general  side  surface, 
and  so  as  to  thereby  reduce  or  eliminate  the 
orthographic  projection  on  said  first  general 

45  side  surface  of  the  opening  defined  between 
said  first  and  second  edge  portions. 

2.  A  bed  plate  according  to  claim  1,  wherein  the 
first  and  second  edge  portions  (24,34)  are  lo- 

50  cated  on  opposite  sides  of  a  cut  made  in  the 
sheet  metal. 

3.  A  bed  plate  according  to  claim  1  or  2,  wherein 
said  first  general  side  surface  is  substantially 

55  plane. 

4.  A  bed  plate  according  to  any  of  the  claims  1-3, 
wherein  the  first  and  second  edge  portions 

6 
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(24,34')  at  least  partly  overlap  in  an  ortho- 
graphic  projection  on  said  first  side  surface. 

5.  A  bed  plate  according  to  any  of  the  claims  1-4, 
wherein  the  thickness  of  at  least  part  of  said  at 
least  one  of  the  first  and  second  edge  portions 
(24,34)  has  been  reduced  so  as  to  cause  said 
increase  of  extension. 

6.  A  bed  plate  according  to  claim  5,  wherein  at 
least  part  of  the  second  edge  portion  (34)  has 
been  compressed  so  as  to  reduce  its  thick- 
ness. 

7.  A  bed  plate  according  to  claim  4  or  5,  wherein 
at  least  part  (43)  of  the  first  edge  portion  (24) 
has  been  stretched. 

8.  A  bed  plate  according  to  any  of  the  claims  1-7, 
wherein  the  first  edge  portion  (24)  comprises 
an  outer  part  (46)  defining  a  free  edge  (32)  and 
an  inner  connecting  part  (43)  separated  from 
the  outer  part  by  a  relatively  sharp  bend,  a 
cross-section  of  the  inner  and  outer  parts  taken 
substantially  at  right  angles  to  said  free  edge 
defining  first  and  second  acute  angles,  respec- 
tively,  with  said  general  side  surface,  the  sec- 
ond  acute  angle  being  substantially  smaller 
than  the  first  angle. 

9.  A  bed  plate  according  to  claim  8,  wherein  the 
outer  part  (46)  extends  substantially  parallel 
with  the  first  general  plane. 

10.  A  bed  plate  according  to  claim  8  or  9,  wherein 
the  thickness  of  the  inner  part  (43)  has  been 
reduced  by  stretching. 

11.  A  bed  plate  according  to  any  of  the  claims  1- 
10,  wherein  each  opening  (22)  is  elongated 
(Fig.  10a)  and  defined  between  a  pair  of  co- 
extending  or  substantially  parallel  edges. 

12.  A  bed  plate  according  to  any  of  the  claims  1- 
1  1  ,  wherein  the  openings  of  the  bed  plate  are 
arranged  in  pairs  of  substantially  oppositely 
directed  openings,  a  depressed  portion  of  the 
plate  extending  between  the  openings  of  each 
pair. 

13.  A  fluidized  bed  apparatus  comprising  a  bed 
plate  (13)  according  to  any  of  the  claims  1-12, 
further  comprising  means  (12,14)  for  passing 
gas  upwardly  through  the  openings  (22)  of  the 
bed  plate  (13)  for  fluidizing  a  powdered  or 
particulate  product  (P)  thereon,  means  (16)  for 
supplying  powdered  or  particulate  product  to 
the  bed  plate,  and  means  (17,19)  for  removing 

fluidized  product  therefrom. 

14.  A  method  for  making  a  bed  plate  (13)  from 
sheet  metal  (23),  said  method  comprising 

5  forming  a  plurality  of  mutually  spaced  cuts 
or  slits  in  the  sheet  metal,  each  slit  being 
defined  between  opposite  first  and  second 
edge  portions  (24,34),  and 

pressing  at  least  the  first  edge  portion  (24) 
io  out  from  a  plane  defined  by  the  sheet  metal 

(23)  so  as  to  form  an  opening, 
characterized  in  deforming  at  least  one  of  said 
first  and  second  edge  portions  (24,34)  so  as  to 
increase  the  extension  thereof  along  the  plane 

is  of  the  sheet  metal. 

15.  A  method  according  to  claim  14,  wherein  said 
at  least  one  edge  portion  is  deformed  so  as  to 
provide  at  least  partial  overlap  of  the  opposite 

20  edge  portions  (24,34)  viewed  at  right  angles  to 
the  plane  of  the  sheet  metal  (23). 

16.  A  method  according  to  claims  14  or  15, 
wherein  the  wall  thickness  of  at  least  part  of 

25  said  at  least  one  edge  portion  (24,34)  is  re- 
duced  so  as  to  cause  said  increase  of  exten- 
sion. 

17.  A  method  according  to  claim  16,  wherein  said 
30  part  of  the  edge  portion  (34)  is  pinched  or 

compressed  between  tool  parts  (35,37)  engag- 
ing  with  opposite  surfaces  of  the  edge  portion. 

18.  A  method  according  to  claim  16  or  17,  wherein 
35  said  part  (43)  of  the  edge  portion  (24)  is 

stretched. 

19.  A  method  according  to  claim  14-18,  wherein 
each  opening  (22)  is  formed  by  means  of  a 

40  punching  tool  (25,26)  having  a  cutting  edge 
(28)  and  being  moved  substantially  at  right 
angles  to  the  plane  defined  by  the  sheet  metal 
(23)  so  as  to  cut  said  slit  therein,  the  punching 
tool  being  moved  further  in  relation  to  the 

45  sheet  metal  so  as  to  press  the  first  edge 
portion  (24)  out  of  the  plane  defined  by  the 
sheet  metal. 

20.  A  method  according  to  claim  19,  wherein  an 
50  outer  part  (46)  of  the  first  edge  portion  (24) 

adjacent  to  its  free  edge  (32)  is  substantially 
prevented  from  moving  in  relation  to  the 
punching  tool,  whereby  an  inner  connecting 
part  (43)  of  the  first  edge  portion  (24)  is 

55  stretched. 

21.  A  method  according  to  claim  20,  wherein  the 
punching  tool  (25,26)  comprises  a  sharp  tool 

7 
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edge  (42)  coextending  with  or  extending  sub- 
stantially  parallel  with  said  free  edge  (32). 

22.  A  method  according  to  claim  21,  wherein  the 
punching  tool  comprises  first  and  second  sub-  5 
stantially  plane  surface  parts  being  separated 
by  said  sharp  tool  edge  (42)  for  forming  the 
inner  and  outer  parts  (43,46),  respectively,  of 
the  first  edge  portion  (24),  the  first  plane  sur- 
face  defining  a  first  acute  angle  with  the  plane  10 
defined  by  the  sheet  metal  (23)  and  the  first 
and  second  plane  surfaces  mutually  defining 
an  angle,  which  is  smaller  than  the  angle  sup- 
plemental  of  the  first  acute  angle. 
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